ABSTRACT. The ZAPROS method belongs to the Verbal Decision Analysis framework, and it aims at solving decision-making problems in a more realistic way from the decision maker's point of view. Quantitative methods can lead to loss of information when attempting to assign accurate measurements to verbal values. However, the feature exposed can cause a decrease in the comparison power of the method, making the incomparability cases between the alternatives unavoidable and leading to an unsatisfactory result of the problem, thus leading to an unsatisfactory outcome of the problem. Considering the limitation exposed, this work presents a methodological approach structured on the ZAPROS method to assist in decisionmaking in the Verbal Decision Analysis. The aim is to produce a complete result which is satisfactory to the decision maker, through the reduction of the cases of incomparability between alternatives. The modifications were mainly applied to the comparison of alternatives process and did not change the computational complexity of the method.
INTRODUCTION
One of the major problems faced by organizations concerns the decision-making process. Determining the object which will lead to the best result is not a trivial process and involves the analysis of several factors. Due to human limitations and to the complex nature of the problems, it is practically impossible to consider all the relevant aspects for decision-making. This process becomes even more critical when it is related to management decisions, since the choice of an inaccurate alternative may lead to a waste of resources, thus affecting the company.
The decision-making scenario, which involves the analysis of objects from several points of view, is assisted by multicriteria methodologies. These help to generate knowledge on the decision context, thus increasing the decision maker's confidence (Evangelou et al., 2005) . The A great advantage of the qualitative methods over the quantitative ones is that all the questionings made in eliciting the preference process are presented in the decision maker's natural language. Moreover, verbal descriptions are used to measure the preference levels. This procedure is psychologically valid, for it respects the limitations of the human information processing system. The Verbal Decision Analysis (VDA) framework (Moshkovich et al., 2005) is structured on the realization that most decision-making problems can be verbally described. This framework involves three main methods: PACOM, ORCLASS and ZAPROS, the best known among others.
The PACOM (PAired COMpensation) method (Larichev & Moshkovich, 1997) aims at supporting the decision-making process in scenarios involving a great number of criteria, a rather small set of alternatives (no more than 10) and in which the latter are difficult to be analyzed without a formal method. In problems where the number of alternatives is greater than 10, the set should be reduced through the application of more robust methods to determine a subset containing the potentially best alternatives. Tamanini et al. (2010a) applies the PACOM method to sort out of a set of questionnaires from the most appropriate for determining a possible case of the Alzheimer's disease, to the least one.
The ORCLASS (ORdinal CLASSification) method (Larichev & Moshkovich, 1997) aims at classifying the alternatives of a given set. The method can be used to obtain a definite decision rule, considering a set of criteria and their values, so that any alternative represented by these can be classified. An application of the method can be found in Gomes et al. (2010) . The method is used to aid in the decision-making concerning the choice of advertising media alternatives for the strategic marketing plan of a small Brazilian company.
On the other hand, the ZAPROS method (Larichev, 2001), which is the focus of this work, aims at ranking multicriteria alternatives in scenarios involving a rather small set of criteria and criteria values, and a greater number of alternatives.
The main characteristic of the Verbal Decision Analysis methods, however, brings about some limitations: the incomparability cases become inevitable when the scale of preferences is purely verbal, since there is no accurate measure of the values. Therefore, the method may not achieve satisfactory results in some situations, thus presenting an incomplete outcome to the problem.
Considering the aforementioned limitation, this paper presents a methodological approach, mainly structured on the ZAPROS method, for aiding in the decision-making process on Verbal Decision Analysis. The aim is to present a complete and satisfactory result to the decider through ISABELLE TAMANINI and PLÁCIDO ROGÉRIO PINHEIRO 253 reducing the incomparability cases between alternatives. The method was chosen among other available methods because it suits the characteristics of the contexts questioned, considering the evaluation of the problem, the decision objects and the available information. The modifications were applied mainly to the comparison of alternatives process and did not modify the computational complexity of the method.
According to Manouselis & Costopoulou (2008) , the testing of multicriteria methods, also called multicriteria recommender, can be facilitated by means of tools that implement the recommendation algorithms. This way, the Aranau tool, a decision supporting system structured on the modified methodology, was implemented in order to verify the improvements achieved in the comparison of the alternatives and, consequently, in the comparison power of the method, considering the modifications applied to the ZAPROS method. This validation will be made through the application of some multicriteria problems previously structured on the method.
THE ZAPROS METHODOLOGY
The ZAPROS methodology belongs to the Verbal Decision Analysis (VDA) framework and aims at classifying given multicriteria alternatives. The methods are structured on the realization that most decision-making problems can be verbally described. The Verbal Decision Analysis supports the decision-making process by verbally presenting the problem (Larichev & Moshkovich, 1997).
The methodology involves the following methods: ZAPROS LM, ZAPROS III and STEP-ZAPROS. The ZAPROS LM method is structured in three stages: Problem Formulation, Elicitation of Preferences and Comparison of Alternatives. The relevant criteria for decision-making, the criteria values and the preferences scale based on the decision maker's preference are obtained on the first and second stages. The elicitation of preferences process is made by comparing the vectors of the alternatives. After that, the real alternatives to the problem and the values of the criteria they represent will be defined. The value of each alternative can be obtained based on the weight of the criteria values on the preference scale. Then, it is possible to rank-order the alternatives.
The ZAPROS III method is based on the elicitation of preferences around the values that represent the distance between the evaluations of two criteria. It is an evolution of the ZAPROS LM method, applying a modified version of the procedure, which makes it more efficient and consistent.
In the STEP-ZAPROS method, only the real alternatives to the problem are considered upon establishing the scale of preferences (in the ZAPROS LM and the ZAPROS III method, a complete rule of preferences is structured). Besides, new questionings will be made when the decision maker's information is not enough to compare the alternatives which are relevant to the problem. The application of the method is interactive and structured on three steps, which will only be performed when necessary; i.e., when it is not possible to find the solution to the problem after the first step, the second step will be applied. This characteristic has originated the name of the method, STEP-ZAPROS.
This work focuses on the ZAPROS III method, which is based on the elicitation of preferences around values that represent the distance between the evaluations of two criteria. The elicitation of preferences is performed in such a way that a decision rule can be structured before defining the alternatives. This characteristic makes the method more generic and new alternatives can be included without the necessity to change the scale of preferences. As a Verbal Decision Analysis method, comparisons between the criteria will be made by human beings, symbolizing the decision maker, who also verbally defines the quality graduations of the criteria values. -It presents questions on the elicitation of the preference process which are understandable to the decision maker, based on criteria values. This procedure is psychologically valid, for it respects the limitations of the human information processing system, and represents the method's greatest feature;
-It presents considerable resistance to the decision maker's contradictory inputs, being capable of detecting and requesting a solution to these problems; -It specifies all the information of the qualitative comparison in a language that is understandable to the decision maker.
One disadvantage of the method is that the number of criteria and the values of the criteria supported are limited, since they are responsible for the exponential growth of the possible alternatives to the problem and, thus, of the information required in the process of eliciting preferences.
The preference scale is essentially qualitative and is defined with verbal variables, which causes losses in the comparison power, since these symbols are not assigned exact values (which implies in the inexistence of overall values -best or worst in any kind of situation) and cannot be computationally recognized. This results in a lot of incomparable alternatives, which can lead to an incomplete outcome.
According to Larichev (2001b) , an estimate of the number of incomparable alternatives (and, consequently, of the decision capacity of the method) can be made by calculating the number of pairs of alternatives (Q = 0.5n N (n N − 1), where N represents the number of criteria and n is the number of criteria values) and the subset that will be related by the Pareto's dominance rule (D). From the difference between Q and D, we have the set of alternatives that depends directly on the preference scale obtained by the decision maker's answers. This is the set which is most likely to present contradictory pairs of alternatives. After that, the index of the decision capacity of the method can be obtained as follows:
where B is the difference between Q and D, and S is the number of alternatives that cannot be compared based on the decider's preference scale (the incomparable alternatives).
In Dimitriadi & Larichev (2005), a system implemented in Visual C++ 6.0 and structured on the ZAPROS III method is presented; and an analysis of the method's performance is made. The Formal Index of Quality (FIQ), which allows the reduction of the number of comparisons between the alternatives in the classification process, was not applied.
The system presented in Ashikhmin & Furems (2004), UniComBOS, aims at avoiding the existing limitations of the other methods. The rule for the consistency control of the decision maker's answers was modified in order to improve it by using procedures beyond the transitivity relations. It represents the implementation of a new procedure for the comparison and classification of multicriteria alternatives.
The questions made during the elicitation of preferences process involve only the criteria values necessary to the comparison of the alternatives defined (which values are preferable, which are equivalent, etc.). After this process, the result obtained to the problem will be shown to the user.
As the tool is based on the elicitation of preferences after the definition of the alternatives, there is no previously formulated decision rule, unlike in the ZAPROS LM and in the ZAPROS III method. An advantage of this implementation is that the incomparability cases can be avoided.
On the other hand, if a new alternative is either defined or changed, the scale of preferences will have to be reevaluated and, possibly, modified. Therefore, this is not the most appropriate tool for scenarios of simulation, where, for instance, the objects will constantly be modified; for cases on which there is no direct contact with either the decision maker; or for cases where the alternatives of the problem are not previously known (as in a decision-making model involving computational agents).
THE APPROACH METHODOLOGY FOR REDUCING THE INCOMPARABILITY CASES: THE ZAPROS III-i METHOD
A modification to the ZAPROS III method (Larichev, 2001) is proposed. The ZAPROS III-i method presents three main stages: Problem Formulation, Elicitation of Preferences and Comparison of Alternatives, as proposed in the main version of the ZAPROS method. These stages are described as follows.
Formal Statement of the Problem
The methodology follows the problem formulation proposed in Larichev (2001), where:
• K = 1, 2, . . . , N , representing a set of N criteria;
• n q represents the number of possible values on the scale of q-th criterion, (q ∈ K ); for the ill-structured problems, as in this case, usually n q = 4;
• X q = x iq represents a set of values to the q-th criterion, which is this criterion scale;
where the values of the scale are decreasingly ordered, from best to worst, regardless of the values of other scales;
and y i ∈ Y, y iq ∈ X q and P = |Y |, where
where the set of t vectors represents the description of the real alternatives.
As the outcome of the problem, the multicriteria alternatives ordering based on the decision maker's preferences is required.
Elicitation of Preferences
In this stage, the scale of preferences for quality variations ( The structure presented is the same proposed in the ZAPROS III method (Larichev, 2001), however, substages 2 and 3 (numbered on the left side of the figure) were put together in just one substage.
Instead of setting the decision maker's preferences based on the first reference situation and, then, establishing another scale of preferences using the second reference situation, we propose that the two substages be transformed into one. The questions made considering the first reference situation are the same of the ones made considering the second reference situation. So, both situations will be presented and must be considered in the answer to the question, in order not to cause criteria dependence. The alteration reflects on the improvement of the process: instead of making 2n questions, only n will be made.
The questions to Quality Variations (QV) belonging to just one criteria will be made as follows: supposing a criterion A having X A = { A 1 , A 2 , A 3 }, the decision maker will be asked about his preferences between the QV a 1 − a 2 , a 1 − a 3 and a 2 − a 3 . Thus, there is a maximum of three questions to a criterion with three values (n q = 3).
The question will be formulated in a different way on the elicitation of preferences of two criteria, because there were difficulties understanding the questionings and delay in the decision maker's answers when exposing QVs from different criteria. This way, the question will be made dividing the QV into two items. For example, having the set of criteria k = {A, B, C}, where n q = 3 and X q = {q 1 , q 2 , q 3 }, considering the pair of criteria A, B and the QV a 1 and b 1 , the decision maker should analyze which imaginary alternative would be preferable:
However, this answer must be the same to alternatives A 1 , B 2 , C 3 and A 2 , B 1 , C 3 . If the decision maker answers that the first option is better, then b 1 is preferable to a 1 , because having value B 2 on the alternative is preferable to having A 2 .
Comparison of Alternatives
With the aim of reducing the number of incomparability cases, we apply the same structure proposed in Larichev (2001) So, supposing the comparison between alternatives Alt1 = { A 2 , B 2 , C 1 } and Alt2 = { A 3 , B 1 , C 2 }, and considering the scale of preferences:
we have the following functions of quality: V(Alt1) = (0, 0, 2) and V(Alt2) = (0, 3, 4), which represents the ranks of b 1 and c 1 , a 2 , respectively. Through the comparison of the ranks presented, we can say that Alt1 is preferable to Alt2.
However, there are cases in which the incomparability of real alternatives will not allow the presentation of a complete result, thus requiring further analysis. In such cases, we can evaluate all possible alternatives to the problem in order to rank the real alternatives indirectly. This process can be detailed as follows.
At the end of the comparison process, a graph representing the dominance relations between the alternatives can be structured. This way, through the inclusion of all possible alternatives to the problem in the comparison process (so that the absolute rank of each alternative would be obtained), one may be able to compare, by transitivity relations, alternatives that were classified as incomparable when the comparison of the real alternatives was performed. As an example, let us consider two real alternatives, X and Y. When comparing these two alternatives, one realizes that they cannot be compared based on the dominance rules. However, when the comparison of all possible alternatives to the problem was performed, one finds that an imaginary alternative Z is dominated by X and dominates Y. Then, by transitivity, we determine that X dominates Y. Note that this is an elevated cost solution and should be performed only when it is necessary for the problem resolution.
PROPOSED TOOL TO THE ZAPROS III-i METHOD
In order to facilitate the decision process and perform it consistently by observing its complexity so as to make it accessible, we present a tool implemented in Java, structured on the Verbal Decision Analysis, considering the proposed modifications to the methodology.
The tool is presented by the following sequence of actions:
-Criteria Definition: First of all, the user should define the criteria presented by the problem.
-Elicitation of preferences: Occurring in two stages: the elicitation of preferences for quality variation on the same criteria and the elicitation of preferences between pairs of criteria.
-Alternatives Definition: The alternatives can be defined only after the construction of the scale of preferences.
-Alternatives Classification: After the problem formulation, the user can verify the solution obtained to the problem. The result is presented to the decision maker so that it can be evaluated. The comparison based on all possible alternatives to the problem is possible, but it should be performed only when it is necessary for the problem resolution, since it is an elevated cost solution.
VALIDATION OF THE TOOL
The computational models submitted to the tool will be presented so that it is possible to verify the improvements made to the ZAPROS III method. These models have previously known results, so it has been possible to compare their original result with that obtained through the tool. The problems, their original results and the results obtained from the application of the tool will be exposed next.
Organizing a Fund for Investing Money in R&D Projects
The problem presented in "Ranking Multicriteria Alternatives: The Method ZAPROS III" (Larichev, 2001) was submitted to the tool. The work presents a model for aiding on the choice of an R&D project for investing money.
The problem was formulated considering the criteria and values of criteria exposed in Table 1 . The alternatives and their representations as criteria values, the ranks obtained from the application of the ZAPROS III and the ZAPROS III-i methods are exposed in Table 2 .
There were some differences in the ranking of the alternatives after the modifications made to the method: some alternatives that were set as incomparable when purely applying the ZAPROS III method are now comparable (for example, alternatives 2 and 3). Besides, the complete ranking of the alternatives was obtained by the comparison of all possible alternatives to the problem. Figure 4 shows, respectively, the original graph of the alternatives, presented in Larichev (2001), the partial graph obtained from the application of the ZAPROS III-i method to the problem, and the graph which was generated based on the comparison of all possible alternatives to the problem through the application of this method. Through the analysis of the graphs, we can state that the ZAPROS III-i method achieved better results to the problem than the ones obtained through the application of the ZAPROS III one.
Renting an Apartment or Room during a Period of Studies
The problem of choosing an apartment or room during a period of studies is presented in Dimitriadi & Larichev (2005) . The work presents a model to analyze what would be the best place for a student to rent an apartment or room to live in, so that they can quickly get to the place of study, having an accessible rent price, considering the neighborhood where it is located and the furniture offered.
To do so, the problem was formulated considering the criteria and values of criteria presented in Table 3 . The ZAPROS III method result and the ones obtained through the application of the tool to the problem are shown in Table 4 . B2 C1 D2 E2  1  1  1  Alternative 2  A1 B2 C1 D2 E3  2  2  2  Alternative 3  A1 B2 C2 D3 E3  6  7  9  Alternative 4  A3 B1 C2 D3 E1  3  4  6  Alternative 5  A1 B1 C3 D2 E2  4  5  5  Alternative 6  A3 B3 C1 D2 E1  3  3  4  Alternative 7  A1 B1 C2 D1 E3  2  2  2  Alternative 8  A2 B2 C2 D2 E2  5  6  7  Alternative 9  A3 B3 C3 D1 E3  6  7  10  Alternative 10 A3 B2 C1 D1 E2  2  2  3 The results obtained to the problem were almost the same, except for the comparison of alternatives 6 and 4, which were set as incomparable when applying the ZAPROS III method, and could be compared when the ZAPROS III-i was applied. This led to the increase of the accuracy of one degree in the ranking for alternatives 3, 4, 5, 8 and 9.
Also, from the analysis of the partial ranking presented, one can notice that some alternatives had the same ranks (for example, alternatives 2, 7 and 10 had the same rank 2), which shows that these alternatives are incomparable. However, if the user asks for the comparison of all possible alternatives to the problem, a more detailed ranking of the alternatives is obtained. Then the final result of the problem then will be: Thus, Figure 5 shows the original graph of the alternatives, presented in Dimitriadi & Larichev (2005) , and the graphs obtained through the application of the ZAPROS III-i method to the problem: one considering the partial ranking of the alternatives, and the other, the graph generated from the comparison of all possible alternatives. Through the analysis of the graphs, we can verify an improvement in the comparison capacity of the method, which was obtained by the modification of the ZAPROS III method. This advance enabled the complete comparison of almost all the real alternatives to the problem. This way, a satisfactory result could be presented to the decision maker.
The Choice of a Prototype for Digital Mobile Television
The problem of choosing a prototype for digital mobile television was also submitted to the tool. Five hypotheses were defined in the problem's modeling, according to , with the aim of helping the designers and analysts involved in the project define a questionnaire to gather the user's preferences about the different types of prototypes used. These hypotheses were also used in the formulation of the multi-criteria model, originating the criteria of the problem, and are defined as follows :
-Hypothesis 1: The evidence of the functions in the interface makes the use easier and influences the intensity of the user's attention required in the identification of the system functionalities;
-Hypothesis 2: The experience with similar applications will influence the user's choice of the preferred alternative;
-Hypothesis 3: The user's locomotion while manipulating the device will lead to the choice of the prototype that is easier to be used while one is moving; -Hypothesis 4: The content has a decisive influence on the user's preferences, such that if the content used on the interface during the manipulation of the prototype is interesting for the user, it will exert a positive influence on the choice of this alternative;
-Hypothesis 5: The emotion felt by the user while using a determined interface exerts considerable influence on one's choice.
One criterion was defined to each hypothesis, being criterion A related to hypothesis 1, criterion B to hypothesis 2, and so on. The relevant criteria and their possible values are listed in Table 5 . Table 5 -Criteria involved on the choice of a prototype for mobile digital television.
Criteria Values of Criteria
A -Functions Evidence A1. No difficulty was found on identifying the system functionalities; A2. Some difficulty was found on identifying the system functionalities; A3. It was hard to identify the system functionalities. B -User's familiarity with a determined technology B1. No familiarity with similar applications is required; B2. Little familiarity of the user with applications is required; B3. The manipulation of the prototype is fairly easy when the user is familiar with similar applications. C -User's locomotion while manipulating the device C1. The user was not confused when manipulating the prototype while moving; C2. The user was occasionally confused when manipulating the prototype while moving; C3. The user's spatial orientation in the application was affected while moving. D -Content Influence D1. There is no influence of content on the choice of the interface; D2. The content exerted some influence on the choice of the interface; D3. The content was decisive on the choice of the interface. E -User's Emotion E1. The user felt fine (modern, comfortable, etc.) when using the interface; E2. The user felt indifferent when using the interface; E3. The user felt bad (uncomfortable, frustrated) when using the interface.
Three mobile interface prototypes were evaluated considering the user's point of view after using each one, and the information obtained was transformed into a scale of preferences. The three prototypes are defined in the next paragraphs. , which was a version of the Digital Television (DTV) portal for mobile devices. Figure 6 shows the prototype's interface, which presents navigation arrows to move through the screens, and an indication of the current screen. Alternative 2 was developed considering similar applications of mobile devices, specially their operational systems, such as Palm OS. The Palm OS operational system presents elements similar of desktop applications adapted to touchscreen access and to the one-handed use of the device. The interface, shown in Figure 7 , presents a scroll bar as the principal way of navigation.
The third interface proposal was based on desktop applications, using tabs to present the system functionalities. Alternative 3 contains a button to close the current screen and to get back to the previous one, which is similar to the one found in computer systems. The alternative is presented in Figure 8 .
Through the use of the tool, both methods, the ZAPROS III and the ZAPROS III-i, were applied to the problem modeled and the results obtained are exposed in Table 6 .
There was a difference in the final ranking considering the application of the ZAPROS III method and the ZAPROS III-i one. Alternatives 2 and 3, which were incomparable according to the ZAPROS III method, are now comparable considering the evaluation of all possible alternatives to the problem. This way, it was possible to obtain the complete ordering of the set of alternatives.
The comparison of the graphs obtained on both applications is presented in Figure 9 . 
CONCLUSIONS
This work discusses the qualitative decision-making methods, which belong to the Verbal Decision Analysis framework, particularly the ZAPROS III method. The main advantage of this method is that the presentation of all questionings during the elicitation of preferences process is done in the decision maker's natural language, and the comparison between the values of criteria is verbal, respecting the limitations of the human information processing system. The incomparability cases, however, are unavoidable when the scale of preferences is purely verbal, since there is no exact measure of the values.
One of the contributions of this work is the application of some modifications to the ZAPROS III method in order to improve the comparison of alternatives process concerning the incomparability cases. The modified methodology is applied by the Aranaú tool, a computational implementation which allows aiding the decision-making process and performing it in a reliable and faster way.
In such a case, the modified methodology applies: To validate the modifications applied to the methodology and, consequently, the proposed tool, some previously structured problems applying the ZAPROS III method were used, so that it was possible to make a comparison between the results.
Through the analysis of the results obtained for the exposed problems, it was possible to verify that the modified methodology was more efficient than the ZAPROS III method considering the exposed problems. Besides, through the comparison of all possible alternatives to the problem, the complete ranking of the alternatives was obtained in three of the five tested experiments, and, for the ones where it was not possible to generate the complete ranking, only a few alternatives remained incomparable.
As a conclusion of the structuring of the tool, the expected behavior was verified in all tested situations through the presentation of satisfactory results at the end of its execution.
As future works, we intend to improve the treatment proposed to the incomparability cases, reducing the complexity they represent and, consequently, the execution cost of the procedure. Also, new experiments applying the proposed methodology to a multicriteria model aiming at the early diagnosis of the Alzheimer's disease are in progress (Tamanini et al., 2010b) and (Tamanini, 2010e).
